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ABSTRACT 
 
Two experiments were conducted on 11 diverse wheat 
genotypes, under both well watered, and drought stress 
field experiments. Drought decreased vegetative organs 
(above ground dry matter) weight at anthesis and 
maturity, grain yield per spike, grains per spike and 1000 
grain weight by 5.7, 24.5, 21.2, 15.7 and 6.4 %, 
respectively. Translocation of dry matter from vegetative 
organs (above ground dry matter) to developing kernels 
and mobilization efficiency were considerably increased 
under drought stress condition, by 60.1 and 74 %, 
respectively. The contribution of pre anthesis assimilate 
was also highly increased under the drought stress 
condition. Translocation of dry matter from the 
peduncle, penultimate, and the lower internodes ranged 
from 51.2 to 76.9, 106.8 to 182.3 and from 100 to 208.6 
mg under well watered and drought stress conditions, 
respectively. Mobilization of dry matter was higher 
under the drought stress condition than in well watered 
for peduncle by 50.2 %, penultimate internode 70.7 and 
for lower internodes 111.6 % respectively. Drought 
increased the contribution of pre-anthesis assimilates to 
grain yield by 81.5 % in peduncle, 108.1 % in 
penultimate internode and by 153.8 % in lower-
internodes respectively. Drought was also increased the 
translocation efficiency by 84, 91.3 and 111.6 % for 
peduncle, penultimate internode and lower internodes, 
respectively. Vegetative organ (above ground dry 
matter) at anthesis was correlated with grain weight per 
spike (r = 0.68*), translocation of dry matter (r = 0.34) 
under drought stress condition. Translocation of dry 
matter was correlated with lower internodes, penultimate 
and peduncle maximum weight under drought stress 
condition by r = 0.55, 0.56 and 0.34, respectively. 
 
INTRODUCTION 
In most cereal grown under water limited conditions a 
“crossover” occurs at a yield level of around 2-3 t/ha, 
which is approximately one-third of the yield potential. 
The main reason for a crossover under conditions of 
variable water supply is an inherent difference among 
the tested cultivars in drought resistance, beyond 
difference in their yield potential. This was also 
observed in international wheat variety trials, where 
stress environments often were represented by mean 
yields of 4-5 t/ha as compared with a maximum yield of 
~8 t/ha (Blum, 2005). 
The estimated contribution of stored assimilates to grain 
yield in wheat depends on the genotype, experimental 
conditions, and the method of measuring stored 
carbohydrates. Stored reserves and their contribution to 
grain can be estimated by measuring post-anthesis 
changes in inter node dry matter (Hunt, 1979; Pheloung 
and Siddique, 1991; Borrell et al., 1993; Shakiba et al., 
1996; Cruz-Agado et al., 2000), or/and changes in inter-
node water-soluble carbohydrate content during the 
grain-filling period (Davidson and Chevalier, 1992; 
Kimiry, 1993; Blum et al., 1994; Shakiba et al., 1996), 
or estimated by difference in canopy dry weight at 
anthesis and at maturity excluding the grains (Takami et 
al., 1990; Flood et al., 1995). The assimilate supply 
problem may be compounded by further reductions in 
photosynthesis due to water stress, suggesting that the 
reduction in seed number caused by stress at this critical 
period is proportional to the reduction in leaf-area 
development, and hence in available assimilate during 
the approximately 25 days before anthesis (Fischer, 
1980). 
The major purposes of this study were to investigate the 
accumulation rates of dry matter during pre-anthesis and 
contribution of pre-anthesis assimilates from vegetative 
organs to developing kernels in bread wheat genotypes 
under drought stress condition. 
 
MATERIAL AND METHODS: 
 
Field experiments were planted on 15 November 2006 in 
a clay loam type of soil at the research area of the 
Genetic Resources Institute of Azerbaijan National 
Academy of Science-Bako Republic of Azerbaijan and 
Agricultural and Natural Resources Research Station of 
Ardabil-Islamic Republic of Iran. Plants in normal 
conditions were irrigated until they reached 
physiological maturity. Plants in normal condition 
received 672.4 mm of water  (406 mm irrigation + 266.4 
mm rain) while those in the drought stress condition 
received .   
Each plot consisted of 2 rows, 2 m in length. Inter row 
spacing was 30 cm and interplant spacing was 3-5 cm. 
The land was fallowed the previous year. Data for 
mobilization, mobilization efficiency and contribution of 
pre anthesis assimilate viz., plant height, plant weigh, 
peduncle length, peduncle weight, grain weight per 
spike, grain number per spike, etc. were collected by 
harvesting 3 main tillers at randomly from each plot at 
the anthesis and at 10 day intervals until to physiological 
maturity. The main tillers were harvested from soil 
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surface and translocation of pre anthesis dry matter were 
computed by the methods of Papakosta and Gagiana, 
(1991). 
Data were collected from studied traits during growing 
season and plant development. Analysis of variance 
(ANOVA) was performed for each character measured 
or calculated for each experiment (Steel et al, 1997). 
RESULTS AND DISCUSSION 
 
A mechanistic model was used to analyze the daily rates 
of dry matter mobilization from stem internodes to 
kernels, and its contribution to kernel weight The main 
effect of irrigations, genotypes, and dates of harvest, and 
genotype × date of harvest interaction were significant in 
all studied characters (p<0.01). Internode lengths, 
weight and specific weight with exception of stem 
specific weight were reduced under drought stress 
condition. Penultimate and lower internodes reached 
their maximum length at anthesis, whereas the peduncle 
reached its maximum length 30 days after anthesis. 
Results of this section were in close agreement with the 
Ehdaei et al (2006). 
Drought decreased vegetative organs (above ground dry 
matter) weight at anthesis and maturity, grain yield per 
spike, grains per spike and 1000 grain weight by 5.7, 
24.5, 21.2, 15.7 and 6.4 %, respectively (Table 1). 
Translocation of dry matter from vegetative organs 
(above ground dry matter) to developing kernels and 
mobilization efficiency were considerably increased 
under drought stress condition, by 60.1 and 74 %, 
respectively. However, genotypes responded differently 
to drought for the amount of pre anthesis dry matter 
translocation and translocation efficiency from the plant. 
Contribution of pre anthesis dry matter to kernel was 
also increased under drought stress condition by 82.1 %. 
Translocation of pre anthesis dry matter, translocation 
efficiency and contribution of pre anthesis dry matter to 
kernels, were higher in drought tolerant Sardary (land 
race of Iran) (Erithroleucom), Agri/Nac/Atilla 
(Erithrospermum) and land race of Azerbayjan republic 
(Hostianum) by contrast the other genotypes examined 
under drought stress condition by 1115, 1105, 1591 mg, 
by 54.4, 40.2, 50.2% and by 86.8, 94.8, 88.5%, 
respectively (Table 1). Drought, on average, was also 
decreased dry matter accumulation by kernels, by 6.4%, 
however, reduction was varied in different genotypes 
studied, genotype No 2, showed highest reduction, by 
19.1 %, but, in Sardary, Agri/Nac/Atilla and Siosson the 
rate of dry matter accumulation by kernels were 
increased under drought stress condition (Table 1). 
Contribution of pre anthesis assimilate was also highly 
increased under drought stress condition. Translocation 
of dry matter from peduncle, penultimate, and the lower 
internodes ranged from 51.2 to 76.9, 106.8 to 182.3 and 
from 100 to 208.6 mg under well watered and drought 
stress conditions, respectively (Table 1). Mobilization of 
dry matter was higher in drought stress condition than in 
well watered for peduncle 50.2 %, penultimate internode 
70.7 and for lower internodes 111.6 % respectively. 
Drought was increased the contribution of pre-anthesis 
assimilates to grain yield by 81.5 % in peduncle, 108.1 
% in the penultimate internode and by 153.8 % in the 
lower-internodes respectively. Drought also increased 
the translocation efficiency by 84, 91.3 and 111.6 % for 
peduncle, penultimate internode and lower internodes, 
respectively. Vegetative organ (above ground dry 
matter) at anthesis was correlated with grain weight per 
spike (r = 0.68*, translocation of dry matter (r = 0.34) 
under drought stress condition. Translocation of dry 
matter was correlated with lower internodes, penultimate 
and peduncle maximum weight under drought stress 
condition by r = 0.55, r = 056 and 0.34, respectively. 
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Table 1- Translocation of dry matter (TDM), contribution of pre anthesis assimilates to grain % (CPA) and translocation efficiency % (TE) of stem internodes in bread wheat   
 
 
TDM=Translocation of pre anthesis dry matter (mg), CPA= Contribution of pre anthesis dry matter to grain (%),     TE = Translocation efficiency (%). 
+ = Pre- anthesis assimilate was translocated to kernel 
- = Pre- anthesis assimilate did not translocate to kernel 
 
No Irrigated condition Drought stress condition 
Vegetative organs 
(above grand dry 
matter) (mg) 
 
Yield 
(mg/ 
plant) 
Grain/ 
Spike 
 
1000 GW 
(g) 
TDM 
(mg) 
TE  
(%) 
CPA 
(%) 
Vegetative organs 
(above grand dry 
matter) (mg) 
 
Yield/  
spike 
(mg) 
Grain/
spike 
1000 
GW 
(G) 
TDM 
(mg) 
TE  
(%) 
CPA   
(%) 
Anthesis  maturity   anthesis  maturity 
1 2990 5440 2677 69 38.7 227 7.6 8.5 2725 4424 2220 65.5 33.9 521 19.1 23.5 
2 2800 5734 2672 63 42.3 -262 0.0 0.0 2400 3395 1612 47.0 34.2 617 25.7 38.3 
3 3050 4004 1730 41 41.7 776 25.4 44.8 2750 3600 1818 45.0 39.9 968 35.2 53.2 
4 2305 4972 2213 55 40.8 -454 0.0 0.0 2549 3534 1762 45.5 37.0 577 22.6 32.7 
5 3000 4202 1988 53 38.1 786 26.2 39.5 2555 3275 1562 43.5 37.1 841 32.9 53.8 
6 2630 4290 2370 58.5 41.1 710 27.0 30.0 1555 2047 1210 31.5 38.4 718 46.2 59.3 
7 2743 4022 1940 43 44.4 661 24.1 34.1 2975 3903 1712 43.5 39.2 784 26.3 45.8 
8 2710 3182 1408 33 41.7 936 34.5 66.5 2455 2625 1285 31.0 41.9 1115 54.4 86.8 
9 2285 2977 1580 46 34.3 888 38.5 56.2 2200 2260 1165 30.5 36.7 1105 50.2 94.8 
10 2235 3844 2037 57.5 35.0 428 19.1 21.0 2565 3688 1825 47.0 38.4 702 27.4 38.5 
11 3855 5217 2185 47 46.6 823 21.3 37.7 3170 3377 1798 47.0 39.1 1591 50.2 88.5 
Mean 2691.2 4353.1 2072.7 51.5 40.4 501.7 20.3 30.7 2536.3 3284.4 1633.5 43.4 37.8 803.4 35.5 55.9 
LSD  
0.05 996.9 2156 925.1 22.3 11.29 
 
- 
 
- 
 
- 903.2 2411 1160 24.7 14.25 
 
-
 
- 
 
- 
Changes under drought stress relative to irrigated condition  -5.7 -24.5 -21.2 -15.7 -6.4 60.1 74.9 82.1 
